Context-specific adaptation (Shelhamer and Clendaniel 2002) explains that reflexive 22 responses can be maintained with different 'calibrations' for different situations (contexts). 23 Which context cues are crucial and how they combine to evoke context-specific adaptation is 24 not fully understood. Gaze stabilization in birds is a nice model to tackle with that question. 25 Previous data showed that when pigeons (Columba livia) were hung in a harness and 26 subjected to a frontal air-stream provoking a flying posture ('flying condition'), the working 27 range of the optokinetic head response (OCR) extended toward higher velocities as compared 28 to the 'resting condition'. The present study was aimed at identifying which context cues are 29 instrumental to recalibrate the OCR. We investigated that question by using vibrating stimuli 30 delivered during the OCR provoked by rotating the visual surroundings at different velocities.
INTRODUCTION
placed on the skin. A negative DC current of 500 µA was then injected during 15-20 s. This 195 high level of intensity was necessary to obtain correct lesions and was probably due to a 196 partial diffusion of the current through the cerebrospinal fluid. Lesions involved two or three 197 accessory lobes. Then, the destructed bone was replaced by low point fusion paraffin and the 198 skin was sutured. All the parameters were analyzed using a Powerlab dedicated software 202 (ADInstruments). In the 'resting condition', the slow phases amplitude and velocity (SPV) of 203 the OCR for a given velocity of the visual surround were measured once it reached a plateau. 204 As shown on Fig. 1 , when a behavioral condition was shifted to another one, the transition 205 time to reach a steady state response took place within seconds. The analysis was 206 systematically started once the steady state period was reached. The slow phases amplitude 207 and velocity (SPV) were averaged over twenty seconds of stimulation. 208 Head vibrations could not be detected at the level of the head position and velocity 209 traces during the body vibration. On the other hand, head vibrations were observable when the 210 vibrator was applied directly to the head. In that condition, in order to analyze the head 211 movements, the head position and the head velocity signals were smoothed with a triangular 212 window (method of Bartlett) of 3 points and 41 points respectively to filter out the head 213 vibrations signal. Data obtained for clockwise and counter-clockwise stimulations in each 214 behavioral condition were pooled following a statistical analysis demonstrating a lack of 215 difference between these two sets of data. The OCR gain values (slow phase 216 velocity/stimulation velocity) were calculated. 217 The fast phases of the OCR were quantified by measuring their peak velocity (PV) and 218 amplitude. These measurements were made in 5 animals. About 10 fast phases were quantified for each stimulation velocity (30, 60, 100, 150, 200, 250 and 300 deg/s) in the cw 220 and ccw directions. The velocity of the slow phases preceding and following each fast phase 221 was also measured in order to investigate the relationship between the fast and slow phase 222 velocity.
223
The beating field of the head was quantified in the following way: during a given 224 stimulation, the deviation of the head relative to the straight ahead position was calculated at 225 the mid excursion of each recorded fast phase and averaged. This averaged value was taken as 226 an index of the mean orientation of the beating field and the standard deviation (SD) was used 227 as an index of its variability.
228
Statistical analyses of data relative to the slow phase of the OCR or to the beating field 229 consisted of 'two way analysis of variance' (ANOVA) with either the amplitude, the 230 frequency, the gain, the head position or the SD of the beating field as the dependent variable, 231 and the behavioral condition and the stimulation velocity as the factors of variation. Once the 232 normality test (Shapiro-Wilk) and the equal variance test passed, a global analysis was 233 performed to determine the sources of variation. Then, a comparison between the behavioral 234 conditions was done for each stimulation velocity (Holm-Sidak method). The 't' and 'p'
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The amplitude of the slow phase ( Fig. 2A) was larger in the 'flying condition' than in 272 the 'resting condition' (t = 3.48, p < 0.001, n=40) only for high velocity stimuli (200-300 273 deg/s), whereas their frequency (Figs. 1C and 2B) was augmented over the whole velocity 274 range (t = 23, p < 0.001, n=40). As a result, the OCR gain was increased by the 'flying 275 condition' for all the visual velocities tested (Fig. 2C ). The body vibration produced a large Fast phase analysis 284 We measured the amplitude and the peak velocity (PV) of the fast phases to build the 285 main sequence. The velocity of slow phases (SPV) occurring just prior and after each fast higher than that obtained during the 'flying condition' (c = 120 deg/s). However, the PV of 314 fast phases was practically not influenced by the SPV (b= 0.6) during body vibration. The fact 315 that the main sequence had a lower slope during body vibration than at rest (as mentioned 316 before), explains that the two planes of correlation are not parallel ( Fig. 3C ). Consequently, 317 the difference in PV in these two conditions decreased when the amplitude of fast phases 318 increased. phase velocity ('c') observed during the 'flying condition' and the body vibration. However, 321 the increase in PV and its correlation with the SPV, observed in the 'flying condition' but not 322 during body vibration, cannot be solely attributed to these muscular proprioceptive signals. the pigeon is looking where it would come from with a free body. It will be called the 331 'stabilizing direction'.
332
As a rule, the head deviation ( Fig. 4A) shifted progressively from the 'resting 333 condition' toward more positive values (i.e. toward the 'stabilizing direction') during the body 334 vibration (t = 5.15, p< 0.001, n=40) and then in the 'flying condition' (t = 7.90, p< 0.001, 335 n=40). There was also a significant difference between data obtained for the body vibration 336 and the 'flying condition' (t = 2.81, p< 0.05, n=40). The orientation of the beating field was 337 also influenced by the velocity of the optokinetic stimulation. The mean orientation of the 338 head was toward the 'orienting direction' for the low velocities of stimulation (30-60 deg/s) 339 and was progressively displaced toward the 'stabilizing direction' when the stimulation 340 velocity was increased (150-300 deg/sec). As a result of this double influence (velocity of the 341 visual flow and experimental conditions), the velocity of the optokinetic stimuli for which the 342 orientation of the head moved from an 'orienting strategy' to a 'stabilizing strategy' varied for the resting condition), and during body + head vibration (n=20, t = 4.20, p< 0.001, n=20 443 for body + head vibration, n=40 for the resting condition). There was no statistical difference 444 between data obtained with the body vibration, the head vibration and the body + head 445 vibration. The variability of the beating field (SD) was strongly reduced as compared to the 446 'resting condition' (Fig. 4B) . The SD values obtained during head vibration and body + head Preliminary experiments showed that vibratory stimuli directly applied in different 460 parts of the body were effective to enhance the optokinetic responses. However, the vibrator 461 was subsequently fixated on the holder that maintained the harness sustaining the pigeon 462 because this procedure allowed more reproducible stimulations. 
